The prevalence of overweight and obesity has increased considerably in Saudi Arabia in the past two decades. We conducted this study because to examine trends in weight gain with age and related anthropometric measurements in Saudi Arabia such data are limited.
T he term "globesity" signifies that the epidemic of obesity has become worldwide. 1 The prevalence of obesity was steady until the 1980s, but has since increased dramatically throughout the world.
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According to the World Health Organization (WHO) in 2014, rough estimates of the number of obese adults worldwide were 600 million. 3 Obesity is a serious prob- 6 The risk of death increases by 20%-40% in overweight individuals, and it escalates to 200%-400% in obese individuals. 7 Roughly, 3.4 million adults die annually due to overweight or obesity. 8 Obesity in Saudi Arabia is a major public health concern; the country has one of the most rapidly increasing rates of obesity in the world. 9 Western lifestyle behaviors and the consequent elevation in BMI in developing countries, including Saudi Arabia, can lead to an alarming epidemiological transition from communicable to noncommunicable diseases being the main causes of death. 10 Studies in Saudi Arabia from the late 1980s through the mid-1990s reported a continual growth in the prevalence of obesity of about 20%. [11] [12] [13] [14] These studies showed that the prevalence of obesity in different regions of Saudi Arabia was estimated between 13% and 27%. In 2014, about 28.7%, or 3.6 million Saudis, were obese, ranging from 24.1% for men to 33.5% for women in different cities. 9 Furthermore, a high frequency of overweight and obesity has been observed in younger Saudis, 15, 16 which may further increase the prevalence of obesity in the adult population over succeeding years. A recent study of 2382 young Saudis, aged 15 to 24 years old, showed that about 38.2% and 44% of men and women, respectively, are either overweight or obese. 17 This proportion is expected to rise substantially by 2020, reaching 41% and 78% for men and women, respectively. 18 To our knowledge, most studies are focused on the trend of overweight and obesity with over periods of time. However, no detailed studies describe trends in obesity and adiposity parameters by different age groups in Saudi Arabia. Therefore, this study aimed to describe trends in the prevalence of overweight and obesity by age groups and gender in the western region of Saudi Arabia and to determine the effect of this trend on some anthropometric measurements.
SUBJECTS AND METHODS
This cross-sectional observational study was conducted between March 2011 and February 2012 in major cities in western Saudi Arabia (Mecca, Al-Taif, and Jeddah). Saudis aged 18 to 60 years were selected by convenience sampling. Printed announcements were placed in universities, malls, and hospitals to inform individuals about this community-based study. Pregnant women and persons with disabilities were excluded. This study was accepted by the Ethics Committee of the University of Umm Al-Qura, and informed consent forms were signed by all participants before collecting the data.
All anthropometric measurements were taken during face-to-face interviews by well-trained professional interviewers. Measurements included height, weight, waist circumference (WC), and body composition while participants wore light clothing and were barefoot. Height was measured in centimeters using a Harpenden stadiometer (Holtain, Crymych, Wales, UK). WC was measured in centimeters at the midpoint between the last costal margin and the iliac crest, using a measuring tape. Weight and body composition analyses were obtained by using an Omron HBF-510 Body Composition Monitor device with scale (Kyoto, Japan Statistical analysis was done using IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp. A P value <.05 was considered statistically significant. Since the obtained data were not normally distributed, Mann-Whitney U and Kruskal-Wallis tests were used to determine the significance between two groups and more than two groups, respectively. Data were stratified into four groups based on age: late-adolescents (18-19 years) , young adults (20-29 years), adults (30-39 years), and middle-aged adults (40-60 years). Trends in BMI and anthropometric variables by age were also analyzed. The P value for trend (p trend ) was obtained by the Jonckheere-Terpstra test. The odds ratio (OR) and 95% confidence interval (CI) were measured by multinomial logistic regression. Correlation between BMI and age was determined by the beta coefficient value in a linear regression for both genders. Table 3 presents the trends of BMI, muscle mass, and adiposity parameters by age. For both genders, BMI, WC, body fat percentage, and visceral fat percentage all increased significantly (p trend <.001) with age, and a significantly diminishing trend in muscle mass (p trend <.001) was detected. Average BMI results showed that males at all ages exhibited overweight values. Normal weight was revealed in females younger than 30 years, whereas average BMI for females 30-39 years and 40-60 years showed overweight and obese values, respectively. In addition, body fat and visceral fat percentages increased remarkably at ages 20-29 in males and females. Visceral fat percentage increased significantly (P<.05) with age, and WC and body fat percentage increased significantly (P<.05) until the age of 40; then an insignificant (P>.05) increase appeared at the middle-aged period. Regarding WC, higher than normal values for males (>90 cm) and females (>80 cm) were detected in the 30-39 age group for both genders. Men showed higher than the normal values of mean body fat percentage (>24) and visceral fat percentage (>9) at the young adult age, whereas females showed higher than normal values for body fat percentage (>36) at the young adult age and for visceral fat percentage (>9) at the middle-aged period. Muscle mass decreased significantly (P<.05) after 40 years in males and females, and at that age, both genders ex- hibited lower muscle mass percentage than the normal value. The magnitude of association between BMI and age brackets was determined by ORs for each gender (Table 4) . Interestingly, overweight and obesity in females at 20-29 years showed no significant ORs compared to females younger than 20 years. At 30 years of age and higher, ORs increased significantly (P<.05) for overweight and all obesity categories in females. On the other hand, males had significant (P<.05) ORs in the 20-29 age bracket compared to males younger than 20 years, and a significant increase was observed with age. However, the magnitude of ORs increased remarkably for obesity for females during the middle-aged period compared to late-adolescent females. The corresponding increase in male ORs increased, but not as much as for the females. The beta coefficient by linear regression for age as a predictor for high BMI showed values of 0.14 and 0. 25 
RESULTS
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DISCUSSION
In 2014, WHO declared that the worldwide prevalence of overweight and obesity affected about 1.9 billion adults aged 18 years or older.
3 Overweight and obesity have increased continuously with time in Saudi Arabia and other Gulf countries. 24 Our results showed that BMI and anthropometric indices were greatly influenced by age and gender. Significant trends (p trend <0.001) for all anthropometric parameters were observed with age. Key findings of the current study include an overall higher prevalence of overweight and obesity in males than in females. Overweight was observed in late adolescents in males and in adults in females. Study results showed that 29.2% and 25.9% of all the participants were overweight and obese, respectively. The rapid rise in obesity prevalence in Saudi Arabia can be attributed to distinct factors: Musaiger 24 and Memish et al 9 summarized these factors as change to poor diet quality, physical inactivity, marital status (married men and women were more frequently obese than singles), low education, a shorter period of breastfeeding, skipping breakfast, snacking frequently, a high intake of carbonated soft beverages, an increase in the frequency of eating outside the home, long daily sitting time for television and other electronic devices, history of chronic diseases, hypertension, and stunting. Another important cause is that Saudi Arabia is one of the economically fastest-growing countries since the discovery of oil during the 1960s. 25 The increased incomes and urbanization in concomitance with the invasion of present-day technology into food production have facilitated the production of large quantities of fat and sugar at very low prices. 26 This has improved fastfood manufacturers' abilities to introduce larger portion sizes at cheaper prices. 27 The "supersizing" of menu items has increased roughly by 2-5 times over the past two decades, 28, 29 and total energy consumption accordingly has increased up to 40% compared to the 1970s. 30 As a result, the risk of obesity among all age groups in Saudi Arabia has increased sharply. 9, 12, 17, 25, 31 Rosenheck 32 in his systematic review reported that six out of seven prospective cohort studies showed that fast-food consumption increased with increasing age, which was positively linked to increased caloric intake and BMI. Fast-food consumption in Saudi males was shown to be significantly higher than in Saudi females (days eating fast foods/week: 2.6 vs. 1.9, P<.001), 17 a possible factor that could increase the BMI in males more than in females. In general, the prevalence of obesity is higher in females than in males; 3,9,17 however, many BMI-related lifestyle and behaviors would increase the ratios of overweight and obesity in males over that in females, as shown by Moradi-Lakeh et al, 17 such as higher overweight and obesity in former smokers (2.7% vs. 0.8%, P<.001), daily users of Shisha (5% vs. 1%, P<.001) and intake of other processed foods and processed meat as servings/day (1.6% vs. 1.4%, P=.007). In addition, the intake of red meat and poultry was noted to be higher in Saudi males than in Saudi females (>3 servings/day, 23.1% vs. 15.5%, P<.001), 9 which could contribute to increased overweight and obesity because of the high fat content of these foods. A recent cohort study of smokers by Dare et al 33 on 499 504 middle-aged adults in Britain reported that current smokers were at lower risk of obesity (adjusted OR = 0.83 95% CI: 0.81-0.86), and former smokers were more likely to be obese than those who never smoked (adjusted OR = 1.14 95% CI: 1.12-1.15). Heavy smokers, as with daily users of shisha, tend to have higher weight gain than light smokers or nonsmokers by increasing insulin resistance and fat accumulation. 34 These bad habits could greatly increase the prevalence of obesity in males than in females at a young age. However, studies of comparative risks have demonstrated that the magnitudes of obesity and other obesity subgroups tremendously increased in middle-aged females. Moreover, linear regression results showed that increasing age in males and females can be expected to increase BMI by 0.14 kg/m 2 and 0.25 kg/m 2 , respectively. These results confirm that BMI increased to a higher extent in females than in males over the years, mainly after the age of 40. At that age, the postmenopausal transition in females leads to in-creased BMI by decreasing estrogen hormone and consequently increasing fat deposition. 35 Al-Quwaidhi and his colleagues 18 predicted the possible trend of obesity in Saudi society in the 30 years from 1992 to 2020 for different age groups, and concluded that obesity prevalence will increase remarkably (>200%) in both sexes, and women will exhibit more obesity than men particularly in the ≥35 age group. Ng et al, 36 from their global estimation of overweight and obesity from 1980 to 2013, found that the peak age of obesity in developing countries was at about 45 years for men and 55 years for women. From the previous results, the prevalence of overweight and obesity would be affected by the age of the sample; female weight gain could be higher than male weight gain at older ages. Because the majority of the sample was under 30 years old (n=1842; 72.3%), the prevalence of obesity is expected to be higher in men than in women, which was confirmed by the results of this study.
The current study showed that WC and visceral fat were higher in males, but total body fat percentage was higher in females. This can be explained by the fact that fat distribution differs between males and females, the central obesity and apple-shape in men compared with the pear-shaped obesity in women. Many other studies are in line with this finding. 9, 12, 17, 37 Body fat percentages differ among countries depending on genetic factors, eating patterns, regular exercise, and other life-style habits. 37 A study in the United States (6544 men and 6362 women) showed that body fat percentages in males aged 18-29 years and 30-49 years were 26.6% and 30.6%, respectively; while the corresponding values in females were 24.5% and 31.5%, respectively. 38 These results showed that body fat percentages in Saudi females were higher than that of American females, whereas Saudi males showed percentages similar to American males. Another study in Kuwait showed that the average body fat percentages in males (mean age 39.1 years) and females (mean age 40.9 years) were 23.3% and 37.7%, respectively, 39 which were relatively comparable to our results in Saudi Arabia. Furthermore, our study noted higher muscle mass percentage in men than in women, which could be related to a lower level and duration of physical activity among women in comparison to men, which is in accordance with the findings of the Memish et al, 9 Al-Nakeeb et al, 40 and Al-Dokhi 41 studies. Indeed, the desert climate in Saudi Arabia presents a barrier for outdoor activity for both men and women. 42 However, Moradi-Lakeh et al 17 found that 42.8% of Saudi females were physically outdoor-inactive, whereas only 19.7% of males were physically inactive outdoors (P<.001). Therefore, it is recommended to establish well-designed facilities tailored to the needs of the Saudi community, primarily for females, to promote physically active activities.
Anthropometric indices are interrelated with each other with age; muscle mass loss and increased body fat percentage, BMI, WC, and visceral fat. This result is consistent with the findings of other studies in other countries. [43] [44] [45] However, fat mass increases with age and reaches a plateau at about 60 to 70 years, as concluded by Bosy-Westphal and Muller. 46 These changes in body composition would possibly increase the incidences of cardiovascular and other chronic diseases, principally as a result of high WC and visceral fat. 23, 47 Muscle mass in obese people is lower than in those with normal weight due to the fat infiltration within the skeletal muscle. 48 In our study, we found that the muscle mass percentage decreased significantly (P<.05) between the age of 40 and 60 for both genders. Romero-Corral 43 found that lean mass started to decline after 60 years of age for both genders. However, our study showed that mean (SD) muscle mass percentages for middle-aged males and females were 32% (6.1) and 22.9% (3.8), respectively, which were lower than those reported among Swedish adults aged 40-49 years, which were 39.8% [3.5] for males and 33.4% [4.3] for females. 44 This variation in muscle mass could be related to genetic variations, type and intensity of exercise, and quality of the diet between populations. The reduction in skeletal muscle mass with or without losses in body weight with age is known as sarcopenia, which is linked mainly to aging as well as to inactivity and increased protein degradation. 49 Sarcopenic obesity means having much fat and little muscle, 50 which could appear in our cohort as high percentages of obesity and muscle wasting in the middle-aged period. This is a matter that should be studied in depth in further investigations.
Our concerns in this work were with the selected sample, which was not heterogeneous, and had an unequal distribution between groups as a result of the cross-sectional design of this study. Other studies are recommended to determine the effect of possible confounders, such as income, education, dietary habits, marital status, smoking, and physical activity, on overweight and obesity prevalence in the western region of Saudi Arabia.
Significant trends were observed for increasing BMI, WC, body fat, visceral fat, and decreasing muscle mass for both genders with age. Men were more likely to be overweight and obese than women. High BMI, body fat, and visceral fat were detected in the age bracket of 20-29 years in males, whereas females showed a significant increase in the aforementioned variables at an older age. Muscle mass deteriorated significantly in the middle-aged males and females. National programs should be maintained to encourage physical activity and weight reduction as well as focusing on obesity-related lifestyle and behaviors at early ages to prevent possible health-related consequences of weight gain and fat accumulation with age.
